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REVIEW NOTICE

The Solid Waste Research Laboratory of the National Environmental
Research Center, Cincinnati, U.S. Environmental Protection Agency, has
reviewed this report and approved its publication. Mention of trade names
or commercial products does not constitute endorsement or recommendation
for use.

This manual is drilled for use with a three-ring binder.



FOREWORD

Man and his environment must be protected from the adverse effects
of pesticides, radiation, noise and other forms of pollution, and the unwise
management of solid waste. Efforts to protect the environment require a
focus that recogmzes the interplay between the components of our physical
environment-air, water, and land. The National Environmental Research
Centers provide this multidisciplinary focus through programs engaged in

e studies on the effects of environmental contaminants on man and
the biosphere, and

e a search for ways to prevent contamination and to recycle valuable
resources.

This publication of the National Environmental Research Center,
Cincinnati, describes the physical, chemical, and microbiological methods
used by the Solid Waste Research Laboratory to analyze solid wastes and
solid waste related materials. The latter includes products and potential
pollutants resulting from the handling, processing, disposal, or recycling of
solid wastes. Five years of evaluating and applying available methods in
incinerator testing studies, municipal waste characterization studies, and
solid waste utilization schemes are represented. Although the results of these
studies have been published and are referenced throughout, the detailed
methodology is being made available in this single source for the first time.

A. W. Breidenbach, Ph. D.

Director

National Environmental Research Center,
Cincinnati



PREFACE

This publication 1s a compilation of methods used by the Sohd Waste
Research Laboratory of the National Environmental Research Center in
Cincinnati, Office of Research and Monitoring, U. S. Environmental
Protection Agency, to perform various physical, chemical, and microbiologi-
cal analyses in the field of solid waste management. It is not intended to be a
complete manual, but the first edition of a ,growing collection of methods
used by the Solid Waste Research Laboratory to test refuse, incinerator
residue, incinerator residue quench water, incinerator scrubber water, sani-
tary landfill leachate, and the products of laboratory and pilot studies
directed toward reclaiming waste through physical, chemical, and biological
transformation.

The preparation of this manual was under the general direction of
Mr. Harry Stierli, Chief, Support Services Branch, Solid Waste Research
Laboratory. Dr. Daniel F. Bender, Project Manager, Laboratory Support
Project, Support Services Branch, edited Part I, Physical Methods, and
Part II, Chemical Methods. Part III, Microbiological Methods, was prepared
by Dr. Mirdza L. Peterson, Senior Research Microbiologist, during her assign-
ment with the Support Services Branch.

Most methods previously reported 1n the literature have required some
modification for apphcation to the analysis of solid wastes. The procedures
presented in this compilation were modified where necessary, evaluated, and
applied by the vanous authors.

Robert L. Stenburg, Director
Solid Waste Research Laboratory
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INTRODUCTION

Daniel F Bender and Harry Stierli

Because of the many requests for the information contained in this
publication, we decided to print this first edition in a form that is incomplete
from the standpoint of our overall plan. Waiting for a state of completion
would delay the release of the often requested information. The fact that we
have already planned for a second edition containing much more information
does not reduce the value of this edition. A great deal of the information
that will eventually be added is available in the literature, merely awaiting
compilation to produce it 1n a single source in the format we have chosen.
Other information to be added will result from current research, primarily on
samples of leachate from sanitary landfills.

In choosing the format for presenting these methods, we concentrated
on specific laboratory directions with adequate step-by-step explanations
and only enough discussion to provide a sound general background. The
evaluations, which employ more sophisticated statistical approaches, add
another dimension. Thus, we are attempting to create both a laboratory
manual for the technician who must produce the information and a sound,
though not in-depth, theoretical background for the analyst who must
evaluate the information. In addition, some of the more sophisticated
methods we have used (for example, those for analyzing reclamation
products) will have added value for persons involved in research rather than
in testing or monitoring.
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PHYSICAL METHODS



INTRODUCTION

Eventually this section will consist of (1) a practical, statistically based method of field sampling
for refuse, (2) sample handling and transporting characteristics, and (3) a discussion of laboratory
sample selection from the bulk field sample as well as the currently included method of sample
preparation for solid samples. When a general sample preparation procedure has been developed for
leachate samples, it will be included as well. One other physical method of importance involves the
application of a classification system to refuse samples (paper, glass, metal, etc.). A review of the
many schemes that have been developed is planned for future editions of this publication.
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METHODS OF SOLID WASTE TESTING

DISCUSSION

The term ‘“‘solid waste related materials’’ as used here refers to (a) raw refuse that is delivered to an
incinerator or landfill for disposal, (b) residues of the incineration process, and (c) refuse in various
stages of composting, It is assumed that major glass, ceramics, and metal components have been
removed before submission to the laboratory. The three basic operations required to prepare solid
waste related materials for detailed analysis are drying, grinding or pulverizing, and mixing. The end
products of these operations must be so thoroughly homogenized that portions weighing as little as
100 to 200 mg may be extracted for analysis with full confidence that they are umiform and represent-
ative. Thus, any lack of precision or accuracy in the final results cannot be ascribed to the sample.

APPARATUS

Basically the apparatus needed to perform the above operations include ovens (preferably
mechanical convection), cutting, grinding, and pulverizing tools, balances, and a mixing device. The
following 1s a hist of apparatus that has been found useful:

1. Ovens, Freas model 114, Thelco model 28, Blue M model POM-326 FXX
Pans for drying

Balance, Ohaus heavy-duty solution balance

Balance, top loading, 1,000-g capacity

Desiccator cabinet, large capacity

Shears, heavy duty

Hatchet

Saw

9. Plastic sheet

10. Sample splitter, Gilson, large capacity

11. Hammermill, W-W Grinder, Model F-21-P

12. Wiley mill #3

13. Micromill, Weber Bros. laboratory pulverizing mill

14. Ore pulvenzer, ller

15. Sieves, 10 mesh and 60 mesh

16. Sieve shaker

17. Rotating mixer

18. Miscellaneous gloves, scoops, funnels, containers, brushes, etc.
19. Dust collector, Norblo, bag type size 48-3, type BA-2.3

BN AW

SAFETY PRECAUTIONS

When handling refuse, the analyst should use gloves 1f possible (neoprene-coated canvas). He should
also wear some sort of face mask, such as a surgical mask, when preparing samples, especially when
they are in finely divided form. It is advisable to wear a transparent plastic face shield while feeding
matenal into the hammermill. The analyst should not use his hand to help push material into the
hammermill past the feed slot; a stick can be used if necessary. Do not open any grinding device while
it is running. If a mill clogs, turn off the motor before clearing apparatus.



Preparation for Analysis

PROCEDURE FOR COMBUSTIBLES

The procedures for all types of organic materials are essentially similar, if 1t 1s taken into account
that compost samples have already been coarsely ground either in a hammermill or rasping device.
It is preferable to dry the matenal before grinding. If the sample 1s small (3-5 1b of moist compost, or
less of a bulkier material) the drying can be carried out conveniently 1n a large laboratory oven. If the
complete sample is dried, an industrial-size oven 1s most convenient. Where the latter 1s not available,
a preliminary grinding step 1n a hammermill 1s usually necessary.

Drying
For a small sample, use a laboratory oven, for a large sample, use an industrial oven.

Procedure Comments

Weigh pan or pans.
Transfer material to pan and reweigh.
Note weight of sample.

Dry in oven at 70 to 75 C overnight or for
24 hr.

Remove sample and allow to cool, prefer- 5. If a desiccator is not available, allow sample
ably in desiccator. to cool covered with aluminum fozl.
Reweigh.

Replace in oven for 1 to 2 hr.

Repeat steps 5 and 6.

If the weight loss is less than 1 percent
of total previous weight loss, calculate
percent of moisture from total weight lost.

10. If weight loss is over 1 percent of total 10. Example 0.10 percent in 10 percent mois-

H W N -
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previous loss, dry for an additional hour. ture
Continue intermittent drying until the 0.40 percent in 40 percent mois-
change in calculated moisture is within the ture

limit set in step 9.

Grinding in Hammermill

Thus procedure does not apply to compost or other previously ground matenal.

Dried sample.
Procedure Comments

1.  Place sample collection box under mull.

2. Plug lead into power outlet.
3. Open cut-off in duct of dust-collecting
system.
4, Start blower.
5. O1l grinder beanings with engine oul. 5. Motor bearings are permanently lubricated.
6. Put on personal safety equipment.
7.  Start motor.
LIBRARY /5154
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8.

10.
11.

12.

Feed sample into mill.

Turn off grinder motor.
Turn off blower.

Clean out grinder and add material to
ground sample.

If the sample weighs appreciably more
than 2 b, reduce it to about this weight by
mixing on a plastic sheet and quartering or
passing it through a sample splitter. For
this purpose, the large-size splitter should
be used with apertures about 4 in. wide.

Undried sample.

Procedure

1. - 11. Steps 1 through 11 for the undried

12.

13.

14.

sample are the same as steps 1 through 11
for the dried sample.

Spread ground product on a sheet of
plastic and mix rapidly without compacting.

Quarter the material down to manageable
size.
Dry sample as outlined under “‘Drying”.

8.

11.

12,

13.

If components of sample have been segre-
gated by categories, mix these during feeding.
Tear thick magazines into thinner sections
and separate thick wads of paper. Remove
all metal objects (staples in magazines and
cartons, bottle caps, metal buttons or staples
on jeans and work clothes) and all other non-
combustibles (glass, ceramics, etc.) not pre-
viously removed from the sample. Place
these in a container marked “Discard.” Cut
articles of clothing into smaller sections
before feeding into mill and saw or chop
large pieces of wood or thick branches into
smaller pieces. Close metal inlet door after
inserting each batch of material.

Remove electrical plug from outlet.

Remove clean-out plate at rear of grinder.
Remove threads wound around shaft between
hammers and cut long strings or threads into
short pieces. Use electric light to illuminate
dark areas. Scrape off bits of material caught
1n crevices.

Comments

- 11. More care must be exercised in
cleaning the inside of the hammermill, since
moist material will stick to the walls of the
mill more readily. It is advisable to line
sample collection box with plastic film or
bag.

The sample may be mixed by manipulating
the corners and sides of the sheet to move the
particles from one area to another. A spade
is often useful in this operation. Compaction
of the particles reduces their mobility.
About 3 Ib is a convenient sample size;
store remainder in a labeled, plastic bag.
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Compost.

A compost sample, as received in the laboratory, may appear to be quite wet or dry. In either case,
the sample should be dried before proceeding any further (unless assurances are received that the
sample has been dried). Drying is carried out as detailed in that section.

Compost usually contains varying quantities of glass and ferrous and non-ferrous metal. If the
sample has been relatively finely ground, it is not practical to remove the glass or non-ferrous metal.
The ferrous metal can be picked out by combing the sample with a strong magnet. If the sample is
quite coarse, much of the glass will be of a size that can be removed without too much difficulty by
judicious sieving and by the use of a current of air to scatter the lighter organic particles. If the
carbon/nitrogen ratio is to be determined, identifiable plastic should be removed because it is not
degradable. Removal of glass and metal reduces the wear on the Wiley mill knives, After following
these preliminary procedures, continue with those in “Fine Grinding.”

Fine Grinding
The material that has been reduced in a hammermill and dried is now to be ground in a Wiley mill
so that it will at least pass through a 2-mm sieve and preferably through a 1-mm sieve.

Procedure Comments

1. Put a2-mm sieve into a Wiley mill and close
mill.

2. Open cut-off in dust collection duct.

3. Position container under delivery spout. 3. A standard Mason jar can be screwed directly
into the spout. If the ground sample is
caught in a different type of container, it is
advisable to provide one with a covering that
has a hole through which the spout may be
inserted.

and regrind the sample.

Brush out all inside surfaces of the mill
into a separate container.

Put this material through a micro mill.

Add the product to the main sample and
mix.

Mixing

4. Replace the 2-mm sieve with a 1-mm sieve 4. The finer the grind, the more uniform the

sample can be made.

. This procedure includes the hopper, the

walls, the screen, and the spout. Remove as
much as possible of the material wedged
between the knives and their housing,.

. On the Weber' mill, the 0.05-in. or 0.10-in.

screen may be used. For small samples,
substitute a long, narrow plastic bag for the
canvas bag provided.

The final mixing or homogenization is accomplished by transferring the sample to a suitable con-
tainer that will be no more than half-filled by it. The container is closed tightly, positioned in the
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rotating mixer, and allowed to mix for not less than 1 hr, and preferably for 2 hr. The mixed sample
may then be reduced in size, if desired, by passing it through a sample splitter or by quartering.

The Discard

Weigh all metal, ceramics, plastic, and glass removed during processing. This information will be
used later in calculations.

PROCEDURE FOR NON-COMBUSTIBLES

Incinerator residues are usually wet when received and are dried at 100 to 105 C. The temperature
or time of drying is not critical. A 10-Ib sample or smaller is usually enough to dry.

Procedure
Weigh the dried sample.

Work the sample over with a strong magnet
to remove ferrous metal and magnetic iron
oxide.

Sieve the sample through a 1/4-inch mesh
sieve and pick out glass and ceramics.

Check the oil level in the pulverizer. The oil
cup should be quite full.

Adjust the movable pulverizer plate to give
a maximum size of about 10 mesh.

Put the sample through the pulverizer.

Screen the ground matenal through 10-mesh
and 60-mesh sieves. The material that has
been ground to pass through the 60 mesh
“sieve is the final sample. The remainder is
reground with the plates placed together
with mimmum clearance.

Mix as indicated under “Mixing.”

Comments

If the moisture content is to be determined,
this value is, of course, obtained in the
routine procedure.

If the magnet is enclosed in a piece of cloth,
it will be easy to remove the magnetic
material clinging to it by separating the cloth
from the magnet. The removal is otherwise
quite difficult to effect.

Though the pulverizer will grind this material,
the removal of ingredients not contributing
to the Btu value will enrich a sample whose
Btu value is low under the best conditions .

. The gears run in a bath of regular engine oil.

Be careful not to get any oil into the sample
compartment.

. This is accomplished by rotating the wheel

with the holes in the rim (just ahead of the
fly wheel) clockwise to give a coarse product
and counter-clockwise to give a fine product.

When restarting the motor after emptying
the product pan, it is advisable to empty the
grinding chamber. Starting the motor against
a load may cause burnout.

It may be necessary to make multiple passes
through the pulverizer to grind the whole
sample through the 60-mesh sieve. The coarse
material will often disclose bits of metal that
have been burnished during the first passage
through the pulverizer. These may be picked
out and added to the discard (see steps 2 and
3).
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INTRODUCTION

These methods have been modified, developed, evaluated, and/or applied to samples of
material from solid waste handling, processing, reclaiming, and disposal methods. They were
selected from many available methods used for water pollution, fuel, and fertilizer analyses,
as referenced in each manuscript.

These are the methods that worked best for us. In the absence of a thorough study, we do
not label these as recommended. Collaborative testing is necessary before such recommendations
are possible.

The first consideration in method selection was that it give the necessary information for
interpretation within a reasonable accuracy. We stressed simplicity, so that minimal training
would be required, and speed, so that the samples could be analyzed before further decomposi-
tion could occur. Some research objectives involved more sophisticated methods, which are
also included.

It is anticipated that in future editions this section will contain twice as many methods.
Thorough evaluation and collaborative testing of all the methods will have to wait, however,
until the urgency of finding methods that at least produce immediately needed information
has subsided.
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DISCUSSION

The heats evolved in the complete combustion of many compounds in oxygen have been
carefully determined. The method ordinarily used is to burn the substance in a combustion bomb
and to measure the heat evolved.

The term ‘heat of combustion™ refers to the amount of heat liberated per unit of substance
burned. This process involves the change in enthalpy or heat content (H) of the system. The heat
of combustion or' AHc described in this method 1s expressed in calories per gram of sample or
British thermal units (Btu) per pound of sample.

The heat contents of various solid waste materals are important to some of the volume reduction
processes used to dispose of waste. In the incineration process, for example, the operating efficiency
of an incinerator can be measured by energy balance techniques, and analyzing heat contents of the
solid wastes before and after incineration 1s essential. Knowledge of the heat value of sohid waste 1s
also necessary for incinerator design. In addition, heat content analyses need to be performed on
incinerator residue and compost used for landfill since the stability of these waste products is a
function of their heat contents.

To determine directly the heat change involved in a reaction, calorimeters are employed. A
calorimeter consists essentially of an insulated container of water in which the reaction chamber
is immersed. In an exothermic reaction, the heat generated 1s transferred to the water, and the
consequent temperature rise of the water 1s read from an accurate thermometer immersed in 1t.
The amount of heat evolved in the reaction may be calculated with data on the quantity of water
present, 1ts specific heat, and the change in temperature. Special corrections must be applied for
radiation, rate of cooling of the calorimeter, temperature rise of the vessels, stirrer, etc. To com-
pensate for these corrections, the heat capacity of the calorimeter 1s determined by burning a
definite amount of a standard.

This method describes the capabilities and limitations of a Parr adiabatic calorimeter and furnishes
the instructions needed to obtain best results with this apparatus. Using this method, the heats of
formation of nitric acid and sulfuric acid are involved in the total heats of reaction, therefore, they
are determined and the data are adjusted.

APPARATUS

Requirements

1 Balance, analytical, 150-g capacity, 0.1-mg readability
2. Beakers, one 30-ml, one 100-ml, and one 250-ml

3. Bottle, aspirator, plastic, 1-gal capacity

4. Bottle, carboy, 5-gal capacity

5. Bottle, reagent, 1-liter capacity

6. Bottle wash, plastic, 125-ml capacity

7. Bulb, rubber, 30-ml capacity

8. Buret clamps

9.

1

Buret, 50-ml capacity, three-way stopcock
0. Calorimeter, adiabatic, Parr No. 1221, with Technical Manual No. 130
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11. Calorimeter bomb, double valve, Parr No. 1101 (Fisher #4-392-1)

12. Calorimeter fuel capsule, stainless steel, Parr No. 43AS, (Fisher #4-385-5); eight or more

13. Calorimeter ignition umt, transformer type, Parr Series 2900

14. Calorimeter mercunal thermometers, Parr No. 1601; two

15. Calorimeter oxygen filling connection, safety type, Parr Series 1823

16. Calorimeter thermometer reading lens, Parr No. 3003, two

17. Calorimeter water heater, automatic, electric Parr Series 1500

18. Carver laboratory press, Model C or equivalent (Will #22562)

19. Carver test cylinder outfit or dies, specially made (internal diameter of cylinder is 3/4 in.
and length of internal cylinder chamber 1s 3-1/4 in.;* similar to outfit with 1-1/8-in internal
diameter of cylinder (Will #22591)

20. Clamp, pinchcock

21. Desiccator

22. Weighing dish with lid, eight or more

23, Drying oven

24, Flasks, volumetric, one 2-liter and one 1-liter

25. Funnels, filhing, one 80-mm diameter and one 250-mm diameter

26. Jack, laboratory

27. Pipet, volumetnic, 1-ml capacity

28. Ring, support, with clamp, 4-in. outside diameter (O. D.)

29. Scissors

30. Stopwatch

31. Support stand, rectangular base, 24-1n. rod; two

32. Tubing, glass, 1/2-1n. inside diameter (I. D.), about 3 ft

33. Tubing, plastic, 1/4-1n. I.D , about 3 ft

34. Tubing, plastic, 1/2-1n. L.D., about 6 ft

Assembling

The general arrangement of the calorimeter and accessories may be found in the Parr Company’s
Technical Manual No. 130, pages 17 to 21. The procedure section contains instructions on when to
plug in the water-heater cord.

For convenience, the distilled water is stored in a 5-gal carboy bottle with glass tubing extending
through the lid to near the bottom. A plastic tube 1s connected to the glass tubing and a pinchcock
clamp 1s used to prevent the flow of water. The sodium carbonate solution is stored in a 1-gal
plastic bottle with aspirator. Plastic tubing of 1/4-in. I. D., connects the aspirator to the automatic
fillng buret. The plastic bottle rests on a laboratory jack atop a shelf, thus allowing the level of
reagent to be higher than the solution within the buret. A 250-ml beaker is put beneath the buret
to prevent spilling. A support ring 1s connected to a support stand about 1 ft above the base.
The 1-ml pipet stored in an inverted filling funnel, 80 mm 1n diameter. For ease of pipeting, some
distilled water is stored 1in a 30-ml beaker.

*Although the smaller die 15 preferred, a larger die may be used with modifications in the procedure. The pellets are
made thicker and broken into four or more parts by using a sharp object or breaking by hand Handle the pellets
as hittle as possible.
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REAGENTS

Chemical Requirements

1. Benzoic acid, primary standard with calorific value known (Fisher #A-68)
2. Methyl orange, ACS grade (Fisher #M-216)

3. Oxygen, 99.5 percent pure (the oxygen should be prepared from liquid air, since oxygen
prepared by electrolysis contains traces of hydrogen)

4. Sodium carbonate, Na, CO,;, ACS grade, anhydrous
5. Steel wool

6. Wire, nickel-iron chromium alloy, No. 34 B. & S. gauge, wound on a card 10 cm long (Parr
45 C10)

Preparation

1. Sodium carbonate solution,0.0725N: Dissolve 3.8421 g of Na, COj; in distilled water and dilute
to 1 liter (store 1n plastic bottle with aspirator).

2. Saturated methyl orange solution: Dissolve 0.5 g of methyl orange in distilled water and dilute to
1 liter (store 1n reagent bottle).

3. Wash solution: Pipet 1 ml of saturated methyl orange solution into a 1-liter flask and dilute to
the liter mark with distilled water.

4. Ignition wire: Using 10-cm marks on card provided with wire, measure and cut off 10 cm of wire
with scissors. Several 10-cm lengths may be made at one time and stored in a 100-ml beaker.

SAFETY PRECAUTIONS

See the Parr Company’s Technical Manual No. 130, page 9, ““Hazards of Operation.”

SAMPLE PREPARATION

Total sample preparation procedures such as the drying and grinding techniques are described
in detail elsewhere. In general, since this method restricts the quantity of sample analyzed to
a weight of about 1.0 g or less that has been thoroughly dried, the entire sample (except glass,
metals, and ceramics) must be ground until the particle size is reduced to less than 2 mm, dried
until there is no more loss in weight, and then completely mixed before being analyzed.

Fluffy materials (standard benzoic acid, raw refuse, and compost) must be made into pellets
in order to fit the metal capsules. The procedure for pelleting is’

Procedure Comments
1. Using Carver laboratory press with 3/4-in. 1. A 1-1/8-in. diameter punch and die may be
diameter punch and die, loosely fill the used, but the pellet will have to be broken.
chamber 1/2 to 3/4 full of sample. If at all possible, the 3/4-in. punch and die

should be used.



Compress the sample until the pressure 1s
5,000 to 7,000 Ib, as read by the dial.

Transfer the pellet to a weighing dish

with lid.
Repeat for each determination.

3.

Laboratory—-Total Heat of Combustion

Touch pellets as little as possible with
hands.

4. See “‘Method Evaluation.”

PROCEDURE

The following procedure applies to all solid waste matenals and the benzoic acid standard.
To ensure precision and to keep from exceeding the capacity of the instrument, it is advisable

that restrictions in Table 1 be followed.

TABLE 1
SAMPLE RESTRICTIONS

Sample type Sample weight (g) Specifics of analysis
Benzoic acid 1.0 £ 0.2 pelleted
Raw refuse 04 to 0.8 pelleted
Residue (combustible)* 04 to 0.8 pelleted
Residue (fines)t 08 to 1.2 combustion aid added
Fly ash 0.8 to 1.2 combustion aid added
Compost 04 to 0.8 pelleted

*Mostly readily combustible materials which remained on a 1/2-in. sieve during manual sorting at the incinerator

site.

tMaterial remaining after combustibles, metal, glass, and ceramics removed from incinerator residue.

Procedure

Weigh sample into tared capsule. If the
sample is in pellet form, it must be thin
enough to keep the weight within restric-
tions. If a combustion aid is added, sand-
wich the sample evenly between pellets of
the combustion aid, keeping the total
weight of the combustion aid in excess of
the sample weight.

Comments

a) Capsules should have been cleaned pre-
viously with steel wool and water, then
dried and stored 1n desiccator until weighed.
b) Use analytical balance and record to the
fourth decimal place.

¢) Duplicate or triplicate samples are needed
(“‘Method Evaluation™).

d) Combustion aid is pelleted benzoic acid.
¢) Remember: not more than 10,000 calories
should be liberated in any one test.

f) If the combustion aid is made with a die
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%

10.

11.

12.
13.

14.
15.
16.

17.

18.

19.

20.

Bind the fuse wire to 4A and SA electrodes.
Place the capsule with sample 1n SA elec-
trode.

Pipet one ml of distilled water into the No.
1101 bomb.

Place bomb head into the cylinder.

Screw cap down firmly by hand.

Close outlet needle valve.
Remove 1nlet valve thumb nut.

Attach filling tube with union nut firmly,
by hand.

Open the filling connection control valve
SLOWLY,

Allow pressure to rise slowly until gauge
reads 30 atmospheres.

Close connection control valve.

Push sideways on ball knob under relief
valve.

Detach connnecting tube.

Replace thumb nut.

Place bomb with its feet spanning the boss
in the bottom of the bucket.

Attach the thrust terminal to the bomb.

Lower bucket into the jacket with stirrer
at rear,
Place 2,000 ml (about 2,000 g) of distilled
water (at room temperature) into the
bucket.

Close the calorimeter by swinging the cover
to the right and lowering 1t with the cam
lever.

D

10.

11.

17.

18.

19.

20.

larger than the recommended size, the pellet
must be broken to meet restrictions. Keep
the larger pellet under all of the sample.

See Parr Manual No. 130, page 28.

The fuse wire should be bent so that a loop
is just ABOVE the sample.

Use a rubber bulb for the pipeting. (Dis-
tilled water 1s stored 1n a 30-ml beaker.)

a) Make certain sealing ring 1s in good con-
dition.

b) ALWAYS keep cylinder in upnight posi-
tion and do not disturb the sample.

a) Keep outlet needle valve open.

b) Parr Manual No. 130, Figure 4, page 11,
may be helpful.

Use Parr, Series 1823. Consult the Parr
Manual No. 130, pages 20 and 21.

a) Oxygen tank valve must be open.

b) If the filling connection control valve
is opened quickly, sample may come out
of capsule, thus causing incomplete com-
bustion.

Although the pressure range is 25 to 35
atm., according to Parr Manual No. 130,
the same pressure must be used for the
entire test.

. This step relieves gas pressure 1n connecting

tube.

Lead wire should not extend above the
bucket.

Lower handle to back of bucket.

a) Keep the amount of water constant
throughout all tests, once standardization
is completed.

b) A 2-liter volumetric flask should be used.

Parr Manual No. 130, figures 8 and 9, page
13, may be helpful.



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Make SURE the pump and stirrer dnive
shafts are seated properly by seeing to 1t
that the pump and stirrer pulleys are down
as far as possible and move freely.

Lower the thermometers into the calon-
meter

With all valves before and after the water
heater open, turn on the water shghtly.
Note The two valves nearest the calori-
meter are always kept completely open.
NEVER close all four valves completely.
Wait until water runs from the discharge
tube, then close the hot water valve and
plug 1n the water heater.

Start the stir motor and, again, wait unti
the water runs from the discharge tube.
(Occasionally the pulleys need to be tapped
down to maintain circulation of the water.)

Adjust the cold and hot control valves so
that the jacket temperature, “left” ther-
mometer, is the same or shightly lower than
the bucket temperature, “right” thermom-
eter.

If there is no change in the bucket tempera-
ture after 1 or 2 mn, record this tempera-
ture.

Press button on 1gnition unit and stopwatch
at the same time.

During the rapid rise in bucket temperature
(usually 5 min), keep the jacket tempera-
ture about the same or slightly lower than
the bucket temperature.

When the system is approaching final equi-
librium temperature, keep the jacket tem-
perature within 0.1 degree of the bucket
temperature.

21,

22.

23.

24,

26.

217.

28.

29.

Laboratory-Total Heat of Combustion

If the water in the bucket 1s not being
stirred, 1ts temperature will decrease soon
after the final increase because of the sample
combustion.

The thermometers should be submerged
about the same distance as during stand-
ardization.

a) If the water 1s turned on too much, leaks
may occur.

b) See Parr ManualNo. 130, pages 18 and 19.
¢) Counter-clockwise turns open all valves.

CAUTION: The water flow and heating of
the water continues throughout the use of
the instrument; however, the water heater
may become overheated if 1ts electric cord 1s
not occasionally disconnected for a few
minutes.

a) The main water valve may need adjusting.
Lowering the flow rate increases the control
over water temperature.

b) Read thermometers to nearest 0.005 F.
¢) See Parr Manual No. 130, pages 14 and
15.

d) Occasionally check the thermometers for
mercury separations and reunite the mer-
cury, if necessary, in accordance with the
thermometers’ certificates.

Use reading lenses and record to the nearest
0.005 of a degree F.

Keep switch closed for 4 to S sec only.

The rapid rise 1n bucket temperature begins
about 20 sec after button is pressed.



METHODS OF SOLID WASTE TESTING

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Record the final maximum bucket temper-
ature.

With the cold water valve slightly open,
close the hot water valve.

Stop the stir motor and wait for water to
drain out of the cover.

Raise the thermometer support with the
thermometers to its top position.

Using cam lever, lift the cover and swing to
the left.

Lift the bucket out of the jacket, discon-
nect the thrust terminal wire, and remove
the bomb.

With a filling funnel, pour the water from
the bucket into the 2-liter flask.

With a sponge, paper towel, or napkin,
remove excess water from top of bomb.
Slowly relieve the pressure from the bomb
by opening outlet needle valve.

Remove screw cap and bomb head.

Using a wash bottle with prepared solution,
wash the head and all interior surfaces of
the bomb; then collect the washings in a
250-ml beaker. Carefully lay the bomb
head aside.

Titrate the washings to a reagent color end
point, using 0.0725 N sodium carbonate
solution and record the milliliters of titrant.

Carefully remove all unburned pieces of
fuse wire from the bomb head and measure
their combined lengths with the card origi-
nally containing the wire.
Record the calorific value (to the nearest
tenth) of the wire used.

Repeats steps 1 through 24 for each
analysis.

32.

33.

34,

37.

39.

40.

4].

42.

45.

. a) The stable maximum temperature occurs

when the same temperature is observed in
three successive readings.

b) Use reading lenses and record to the
nearest 0.005 of a degree F.

This procedure will allow the jacket water to
cool to a starting temperature for the next
analysis.

Water has drained from the cover when the
flow from the discharge tube returns to
normal.

The thermometer support should remain at
all times while the cover is off.

A 250-mm diameter funnel is used.

This step should require about 1 to 3
min.

Discard test if there is definite evidence
of incomplete combustion.

The bomb head and all interior surfaces
should be rinsed with distilled water and
allowed to drain before the next analysis.

a) Record the milliliters of titrant as calories,
to the nearest tenth, involved in the heat
of formation of nitric acid.

b) Most often this value represents less than
S percent of the final answer. If it represents
more, however, save the solution for deter-
mining sulfur content (see the Parr'manual
No. 130, pages 37, 48,and 49).

Steps 23 and 24 are not repeated in a con-
tinuous operation.
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46. At the end of each continuous operating
cycle, disconnect the electric plug of the
water heater and then turn off the main
source of water.

STANDARDIZATION

The term “standardization” denotes the determination of the energy equivalent or water equivalent
factor (W) of the system (see Parr Manual No. 130, page 23). Benzoic acid, primary standard with
calorific value known, is the material used to determine the W factor. The benzoic acid is analyzed
in the manner previously described under “Procedure.”

CALCULATIONS

Standards

Compute the energy equivalent by substituting in the following equation:

AHcM + e + e;

t
where:
W = energy equivalent of calorimeter in calories per degree F
AH¢ = heat of combustion of standard benzoic acid in calories per gram
M = mass of standard benzoic acid sample in grams
t = corrected temperature rise* in degrees F
e, = correction for heat of formation of nitric acid, in calories
e; = correction for heat of combustion of firing wire, in calories

Samples
Compute the calorific value per gram of sample by substituting in the following equation:

tW-e, -e; -€; -¢€,
M

AHg =

*Temperatures are corrected for thermometer variations by using graphs furnished by the Parr Company for each
thermometer. If the sample has a heat content above 100 or 200 calories per gram, however, this correction will have
little effect on the final answer.



METHODS OF SOLID WASTE TESTING

where.

AHg =

t

w
€
€2
€3
€4
M

heat of combustion of sample 1n calories per gram*
corrected temperature rise in degrees F
average energy equivalent of calorimeter found by standardization, in calories per degree F

= correction for heat of formation of nitric acid, 1n calories

correctiont for heat of formation of sulfuric acid, in calories

= correction for heat of combustion of firing wire, 1n calories

heat of combustion of combustion aid, 1n calories
mass of sample in grams, it should not include mass of combustion aid

METHOD EVALUATION

The accuracy of this method was established by analyzing sucrose, NBS #17. The average of three
determinations was 3,981 calones per gram, which 1s 46 calories per gram or 1.2 percent from the true

value.

This method can analyze solid waste materials to within 40 Btu per pound, depending on the type
of sample,1 therefore, this method should not be employed to analyze samples that contain less heat
content than the pooled standard deviation for that type of sample (Table 2). To ensure precision, the
particle size of the samples must be less than 2 mm or must pass through a 60-mesh sieve. The sample
must then be thoroughly mixed before being analyzed.

The standard deviation of the water equivalent factor (w) was 10 calories per degree F for one
analyst in 1968 and 6 calories per degree F for another analyst in 1970.

*(cal/g) (1 8) = Btu/lb
+Correction 1s not necessary 1if considered in e, and 1f e; 1s not more than 5 percent of the final answer.

$Types of solid waste in this method refer to only solid samples (domestic ongin) such as raw refuse, incinerator
fly ash, incinerator residue, and compost

10
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TABLE 2
STANDARD DEVIATION* OF THE Btu-PER-POUND DETERMINATION
Btu/Ib Range
Type of sample No. of samples  Duplicates Triplicates (Btu/Ib)

Raw refuse 10 57t 40 7,366 to 9,999
Residue

Finest 7 76 53 249 t0 2,470

Combustibles§ 7 76 54 4,457 to 8,182
Fly ash 7 56 40 Zero to 601
Compost.

Without sewage sludge 2 —_ 173 5,661 t0 6,118

With 6% sewage sludge 8 — 227 4,504 to 7,510

With 10-15% sewage sludge 2 —_ 110 3,915t04,174

*A variance estimate can be calculated from the duplicate (or triplicate) set of observations for each sample
The pooled vanance 1s essentially an average of all such estimates for samples of a given type It 1s assumed
that a single underlying variance exists for all samples of a given type The pooled vanance 1s then the best
estimate of this underlying variance. The pooled standard deviation s the square root of the pooled variance
and 1s used to estimate the underlying standard dewiation.

1The absolute value of the difference between duplicated observations should not exceed 196 (2) (s), confidence
interval, or 158 Btu/lb,' more than 5% of the time. The covariance between the duplicated observations was ignored.

$Fines are materials remaining after most of the readily combustible substances have been removed by manual
sorting The sorting was performed at the incinerator sites and 1/2-in steve was employed to assist 1n the separation

§Combustibles or organics are mostly the readily combustible materials Unlike the fines, these materials are
usually retained on a 1/2-1n sieve
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DISCUSSION

Not all solid waste samples with similar total heat contents(enthaplies,or heat of combustion values)
are similarly ignitable or combustible. The readily available heat content of a solid waste sample, or 1ts
potential heat, could be an important critena for evaluating the efficiency of an incinerator or for
measuring the usefulness of incinerator residue.

Potential heat is not a new concept. The construction industries have long been interested in
the potential release of heat of materials during fires (1). In the construction industries, potential
heat is defined as “‘the difference between the heat of combustion of a representative sample of the
material and the heat of combustion of any residue remaining after exposure to a simulated
standard fire, using combustion calorimetric techniques.” Conditions for a standard fire cannot
be simulated when dealing with incinerators. However, since a combustion aid is employed in the
method for total heat of combustion values (2), the ease with which solid waste matenals ignite and
burn to completion can be measured by applying the same calorimetric techmques except omitting
the combustion aid and allowing only the flash heat of the ignition wire to ignite the sample.

The method presented here describes how to modify the total heat of combustion procedure
to obtain the potential heat of combustion values in incinerator residue and fly ash samples.
Other types* of solid waste matenals usually do not have a potential heat value. Some incinerator
residue and fly ash samples have negative potential heat values. Such samples are high in carbonates,
which absorb heat upon decomposing (endothermic reaction).

With the total and potential heat values, the analyst can obtain the residual heat content of the
sample. Residual heat content 1s defined as the total heat content minus the potential heat content.
Residual heat value represents the heat content of a residue or fly ash sample that is not easiy
obtainable and would probably exist regardless of incinerator efficiency.

APPARATUS

The apparatus for this method is the same as that described in Reference 2.

REAGENTS

The chemical requirements and the preparation of reagents for this method are also the same as
those descnibed in Reference 2. Although benzoic acid is not used in this method as a combustion aid,
it is required 1n standardizing the calorimeter.

SAFETY PRECAUTIONS
See Parr Technical Manual No. 130, page 9, “‘Hazards of Operation” (3).

SAMPLE PREPARATION
The techmques of sample preparation are the same as those outlined in Reference 2.

PROCEDURE

This procedure applies to all sohd waste materials that normally require a combustion aid to
determine total heat content. Since the mechanics are about the same as those outlined in Reference

*The types of sold waste used i this method include only sold samples (domestic ongin) such as raw refuse,
incinerator fly ash, incinerator restdue, and compost,
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2 (except that there is no addition of a combustion aid), the details of the procedure are not repeated
here. Note, however, that duplicate results may not agree if the sample partially ignites one time and
not the next. This dispanty very seldom occurs; but 1f 1t does happen, the analysis should be repeated
unti the sample 1ignites again. Failure to 1gnite can be detected by observing that the temperature rise
1s very shght and the answer is around zero. Poor positioning of the ignition wire can cause a sample
to fail to igmte. The ignition wire must be installed, as instructed, close to the sample but not
touching the sides of the sample container or the sample itself. The same restrictions on sample
portions apply for both methods. Since a combustion aid 1s not used 1n this method, the sample 1s
spread evenly on the bottom of the sample container.

STANDARDIZATION

The term “standardization”_ denotes the determination of the energy equivalent or water
equivalent factor (W) of the system (see Parr Manual No. 130, page 23). Benzoic acid, primary
standard with calorific value known, 1s the matenal used to determine the W factor. The benzoic acid
1s analyzed 1n the manner described in the section on ‘Procedure” in Reference 2.

CALCULATIONS

Total Heat Content

The formula for computing the total heat content of a sample is described under “Calculations” in
Reference 2.

Potential Heat Content

The formula for computing potential heat content of a sample 1s the same as the formula for total
heat content, except that the “e,” term, which is the heat content of the combustion aid, 1s omitted.

Residual Heat Content

Compute the residual heat content of a sample by substituting in the following equation
AH¢(r) = AH¢ () - AHc )

where:
AH, g ) = Residual heat of combustion of sample in calories per gram or in Btu per pound*

AH, ) = Total heat of combustion of sample as determined by the total heat of combustion
method used in conmjunction with this method

AH, py = Potential heat of combustion of sample as determined by the method described
here

METHOD EVALUATION

This method can analyze solid waste materials with low or even negative potential heat contents.
Duplicate observations of the same sample will agree 95 percent of the time within about 25.8 to
144 Btu per pound, depending on the type of sample and whether or not some sample combustion
takes place (Table 1). Although a temperature rise was always observed 1n these tests, a lowering of

*Values must be expressed in the same units throughout the formula
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initial temperature is very possible. For example, a sample high 1n carbonates, which decompose
easily, can produce a negative temperature change when the carbonates decompose upon being heated
by the ignition wire. To ensure precision, samples should be prepared in the manner described in
Reference 2.

TABLE 1

POOLED STANDARD DEVIATION* OF THE POTENTIAL
Btu-PER-POUND DETERMINATION

Type of Number of Duplicate observations Range
sample samples (Potential Btu/Ib) (Btu/1b)
Residue (fines)t 9 52.0% 597 to 2,580
Residue (fines) 8 13.8 -24.1t025.9
Fly ash 13 9.3 -353t012.3

*A vanance estimate can be calculated from the duplicate (or triphicate) set of observations for each
sample. The pooled variance 1s essentially an average of all such estimates for samples of a given type.
It 1s assumed that a single underlying vanance exists for all samples of a given type. The pooled variance
1s then the best estimate of this underlying vanance. The pooled standard deviation 1s the square root of
the pooled variance and 1s used to estimate the underlying standard dew:ation.

tFines are materials remaining after most of the readily combustible substances have been removed by
manual sorting. This material passed through a ¥%-inch sieve.

$The absolute value of the difference between duplicated observations should not exceed 1.96 (v/2)(s),
confidence interval, or 144 Btu per pound, more than 5 percent of the time. The covariance between the
duplicated observations was ignored.
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DISCUSSION

Incineration has been employed since 1874 as a method of solid waste reduction(1). Although early
incinerator designs reflected the desire for recovering released heat for steam production and for
eliminating or reducing potentially hazardous matenals, recent designs have been influenced by a need
for more efficient solid waste reduction and lower costs. Engineers and scientists have used various
parameters* (for example, the percent heat released, and the percent reduction in volume, weight, and
volatile solids) to evaluate the reduction efficiency of incinerator designs and to plan for the economic
disposal of the residue (2, 3).

A variety of analytical procedures have been employed for the determmatxon of the volatile solds
in solid wastes. Researchers such as Kaiser(4) have adapted the ASTM standard procedure for coal(5)
to the analysis of refuse and residue. The heating of the sample 1n a closed crucible, as directed in the
ASTM technique, prevents the oxidation of elemental carbon, however, and results in a weight loss
attributable only to the volatilization of hydrocarbons. Other investigators, such as Schoenberger (6)
and Wiey and Spillane(7), have attained more complete oxidations by utilizing open-crucible
techniques.

A modification of the procedure proposed by the American Public Works Association(8) has been
used extensively by the research services laboratory staff for the charactenzation of refuse, residue,
and fly ash. Briefly, the technique involves (a) the introduction of two 2-g samples (each contained 1n
a porcelain crucible) into a cold muffle furnace, (b) the gradual increase in furnace temperature to
600 C, and (c) a 2-hr exposure of the samples to the latter temperature. While the crucibles are in the
furnace, the lids are either removed or tilted at an angle sufficiently large to insure the circulation of
air over the samples. After the 2-hr exposure to heat has been completed, the crucibles are removed
from the furnace, immediately covered with their respective lids, and cooled to room temperature in
a desiccator. The percent ash and the percent weight loss on heating at 600 C are calculatedt after
observing the weight lost by each sample.

A detailed description of the procedure is presented in the following sections. The details of a
Solid Waste Research Laboratory independent study on the applicability of this method for the
characterization of solid wastes is reported elsewhere(9).

EQUIPMENT

1.  Balance, analytical, 0.1-mg readability

2. Boxes, sample storage, seamless aluminum, 3%-1n. diameter, with tight-fitting lids (Fischer No.
3-485)

Crucibles, porcelain, Coors, high form, size 2, with lids

Desiccator, large, either Pyrex or stainless steel cabinet-type

5. Furnace, muffle, with indicating pyrometer and temperature controller (Lindberg Hevi-Duty
Muffle Furnace, Model 51333, with automatic Control Console, Model 59545, platinum,
platinum — 13 percent rhodium thermocouple, and six extra globar, silicon carbide heating
elements)

6. Gloves, asbestos, 11 1n. long, provided with separate places for thumb and four fingers

&> w

*In thas paper the term parameter means a vaniable or charactenstic of interest.

1Since the observed decrease in sample weight reflects not only the weight lost by the vaporzation of volatile
matenals and the combustion of fixed carbon, but also any weight gained (for example, by oxidation of metallic
components during heating), the term “weight loss on heating” appears more approprate than the term “volatile
solids.” The term “ash” denotes, of course, the materal remaining 1n the crucible after heating the sample.
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7.  Gloves, cotton, unlined (No. 2200 MUH, Wash-Rite, Inc., 1410 Cornell, Indianapolis, Indiana)

8. Ink, ceramic, marking, Coors, black

9. Mats, board, asbestos, 1/8 by 12 by 12 1n.

10. Oven, drying, forced-air (or mechanically convected), capable of maintaining temperatures up to
110C

11. Pen, steel, for applying ceramic ink

12. Potentiometer, direct reading, with chromel-alumel thermocouple and scale, capable of reading
temperatures from 0 to 1,000 C (West Pyrotest, Model 9B, West Instrument Corp., Schiller Park,
Illinois)

13. Spatula (Scoopula, Fischer No. 14-357)

14. Tongs, crucible, nickel-plated, 20 1n. long (Fischer No. 15-208)

REAGENTS

1. Inert standard (ground McDanel, high-temperature porcelain combustion tube fragments)
2. Combustible standard (A.C.S. sucrose or benzoic acid)

SAMPLE PREPARATION

A solid waste sample must undergo physical preparation before its charactenzation 1s imtiated in
the laboratory. First it must be dried to constant weight, preferably in a forced-air (or mechanically
convected) oven. A temperature of 70 to 75 C should be used to dry municipal refuse (or compost),
incinerator residue and fly ash may be dried at 100 to 105 C. The particle size of the dried sample
should be reduced to 2 mm or less using a hammermuill, pulverizer, or laboratory mill. To ensure
sample homogeneity, the ground samples should be thoroughly mixed. Finally, since samples may
absorb moisture during the grinding and mixing processes, they should be redned for 3 hr at the
previously specified temperatures and then stored 1n a desiccator until the analyses are completed.

SAFETY PRECAUTIONS

The following suggestions apply to the analysis of samples.

1. Personal burns can be prevented by introducing the crucibles into a cool furnace and employing
asbestos gloves and long tongs while handling the hot crucibles and lids.

2. Bench-top damage can be prevented by using asbestos mats to support the hot crucibles and lids
before their introduction into the desiccator.

3. Breakage of desiccator glass can be prevented by (a) cooling the hot, covered crucibles a few
minutes before inserting them into the desiccator and (b) avoiding any direct contact of warm
crucibles with the glass.

PROCEDURE

The determination of the percent ash and the percent weight loss of each blank, standard, or solid
waste sample on heating at 600 C should be performed in duplicate as follows.

Procedure Comments

1. Transfer a numbered, clean, dry crucible and 1. (a) Usinga steel pen, apply a Coors porcelain
lid from the desiccator to the pan of an ink number to the exterior surface of each
analytical balance. crucible and hd. Fire the dried ink either

with a gas flame or by heating 1n a muffle
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. Weigh the crucible and lid to the nearest
0.0001 g.

. Add approximately 2 g of the prepared

sample.

. Weigh- the crucible, lid, and sample to the

nearest 0.0001 g.

. Transfer the covered crucible to a cool

muffle furnace.

. Carefully tilt each crucible lid at an angle

sufficiently large to insure the circulation of
air over the sample.

. Gradually heat the muffle furnace to 600 C.

furnace at 600 C for 1 hr. (The latter
technique also ensures low blank values for
new crucibles and lids.)

(b) Clean each crucible and lid in warm
detergent with a non-metallic brush; rinse
first with tap water, then with distilled
water; dry at 105 C for 1 to 2 hr; assemble
and then cool in a desiccator until needed.

(c) In steps 1 through 6, wear cotton gloves
to avoid finger printing the crucible and lid.

Do not add sample to the “blank.”

(a) Use a tray or stack of asbestos mats to
transport a number of crucibles simulta-
neously.

(b) WARNING: Introduction of samples into
a hot furnace may result in their sudden
ignition and loss, and in burns to the analyst.
(c) Space the crucibles to permit air circula-
tion around each. (Nine crucibles can be
arranged in five rows in the Lindberg furnace.)

Some analysts remove the crucible lids from
samples that do not sputter on ignition. Care
must then be exercised to return each lid to
the proper crucible after the heating is
completed.

(a) If using the Lindberg furnace, dial in the
desired setting on the digital set point after
turning the power and control switches to
the “on” position.

(b) It has been observed that higher digital
settings are required to achieve 600 C as the
elements of the Lindberg furnace age. It is
therefore recommended that the Lindberg
furnace temperature be monitored once a
week with an independent potentiometer and
a chromel-alumel thermocouple. The latter
may be introduced into the furnace through
the small space surrounding the door.

(c) A 30-minute period is required to heat
the Lindberg furnace to 600 C.



Percent Ash and Percent Weight Loss

8. Maintain the furnace temperature at 600 C

for 2 hr.

9. Then turn off the furnace and immediately 9. (a) In steps 9 and 10, use an asbestos glove
transfer first a lid, then its corresponding and parr of tongs while handling the hot
crucible to a stack of at least three asbestos crucibles.
mats. Recover the crucible immediately. (b) Do not place the hot crucibles or lids

directly on table tops or metal trays.
10. Allow the covered crucibles to cool for 3to  10. Do not permit the hot crucibles to touch the

5 min., then transfer to a desiccator. glass of the desiccator.

11. After the crucible, lid, and sample have 11.(a) A hot crucible, lid, and sample usually
cooled to room temperature, weigh them to cool to room temperature in 1 to 2 hr.
the nearest 0.0001 g. (b)Wear a cotton glove to avoid finger-

printing the crucible and lid during their
transfer to the balance.

12. Calculate the initial and final weights, the  12. (a) See the section on calculations.

weight loss on heating, the percent ash, and (b) The means of the two determinations of

the percent weight loss on heating of each the percent ash and the percent weight loss

sample. on heating are usually reported.
STANDARDIZATION

Before initiating the characterization of solid waste samples, the analyst should evaluate his
technique by determining the percent ash or percent weight loss on heating a combustible standard
(for example, benzoic acid or sucrose), an inert standard (for example, ground McDanel high-
temperature combustion tube fragments), and three mixtures (for example, 3:1, 1:1, and 1'3 parts
by weight) of a combustible and an inert standard. (See the discussion of accuracy in Method
Evaluation.)

Initially and periodically thereafter the analyst should also evaluate the applicability of his tech-
nique for cleaning and drying the crucibles and lids. The weight change on heating a properly cleaned
and dried, but empty, covered crucible (or blank) should not exceed 0.0004 g.

CALCULATIONS

The initial and final sample weights, the weight loss on heating (WLOH), the percent ash, and the
percent WLOH may be calculated as follows:

Initial sample weight (g) =B~ A
Final sample weight (g)=C - A
Weight loss of the sample on heating (g) =B -C
- 100 (C-A)
% ash (B - A)
_100(B-C)
% WLOH B-A)
= 100 - percent ash
Where A = the initial weight of the crucible and lid (g)
B = the initial weight of the crucible, lid, and sample (g)
C = the final weight of the crucible, lid, and sample (g)
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METHOD EVALUATION

The mean observed percents WLOH of benzoic acid, sucrose, and mixtures of sucrose and McDanel
combustion tube fragments were always =99.92 percent of the theoretical percent WLOH (Table 1).
Although the mean observed percent WLOH of the 3.1 (parts by weight) mixture of sucrose and
combustion tube fragments was 100.45 percent of the theoretical percent WLOH, no weight loss was
ever observed when the combustion tube fragments were heated alone.

TABLE 1
ACCURACY OF THE METHOD
Type and identity of th: ewoiect)lI(_:Ial Me%n“?lld)(s)eglv ed (100 M/T)
sample (T) M)
Combustible standards:
Benzoic acid 100 100.00 100.00
Sucrose 100 100.00 100.00

Sucrose-McDanel combustion
tube, parts by weight:

3:1 75 75.34 100.45
I:1 50 49,97 99.94
1°3 25 24.98 99.92
Inert standard:
McDanel combustion tube 0 0.00 —

The reproducibility of this procedure may be determined by calculating the standard deviations of
the determinations, the standard errors of the means of the determinations, and the coefficients of
variation. A review of our observations and calculations (Table 2) indicates that the standard devia-
tions of the determinations of the percents WLOH of the Delaware County, Pennsylvania, solid waste
samples and the standard errors of the corresponding mean percents WLOH often exceeded and varied
more than those of the standard samples; but the coefficients of vanation were always less than 0.05.
The nature or composition of the solid waste samples and the method of sample preparation may, of
course, influence the reproducibility.

Although sufficiently accurate and precise determinations of the percent ash and the percent weight
loss of solid wastes on heating at 600 C may be obtained with this procedure 1n 4 hr, the applicability
of the two defined parameters may be limited. Research done by the Solid Waste Research
Laboratory has recently demonstrated that some resitdue and fly ash samples contain significant
quantities of carbonate(10). Since the percent WLOH of Na, CO; and CaCO; on heating at 600 C 1s
very low, even in the presence of benzoic acid(11), engineers and scientists may find it advisable to use
percent WLOH data collected at 960 C to evaluate the reduction efficiency of some incinerators.
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TABLE 2

REPRODUCIBILITY OF THE METHOD

Mean Standard Standard Coefficient
RSL observed  deviation of  error of )
Sample 1dentity No % WLOH the deter-  the mean of vartation
M) minations (S) (SA/D) (S/M)
Combustible standards
Benzoic acid 100 000 000 000
Sucrose 100 000 000 000
Sucrose-McDanel combus-
tion tube, parts by
weight
31 75 34 006 004 000
1 49 97 014 010 000
13 24 98 001 00t 000
Inert standard
McDanel combustion tube 000 000 000 -
Solid wastes *
Refuse 99 87.58 0.08 006 000
100 89 03 010 007 000
101 86 08 006 004 000
102 86 76 101 071 001
103 91 38 037 026 000
Residue
Combustible fractiont 105 5204 052 037 00l
107 56 48 090 064 002
109 62 96 065 046 00l
111 49 30 022 016 000
113 61 80 221 156 0.04
Fines fraction} 104 15 85 017 012 00l
106 12 63 037 026 003
108 12 92 006 004 000
110 11 82 016 011 001
112 2563 047 033 002
112a 49.78 0.25 0.18 001
Fly ash 90 | 80 002 001 001
91 506 000 0.00 0.00
92 451 004 003 001
93 381 000 000 000
94 178 003 003 002
96 2175 001 001 000
97 458 002 001 000

*These samples were collected at Incinerator No 3, Delaware County, Pennsylvama

$The combustible fraction includes most of the residue that can be visually identified as contaiming food,
paper, plastics, rubber, leather, wood, textiles, or garden wastes

{The fines fraction includes all the umidenuified and some of the identifiable residue particles that pass
through a 0 5-in wire mesh sieve,
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DISCUSSION

Carbon and hydrogen are determined gravimetrically after combusting a weighed, dry, uniform
sample in an atmosphere of oxygen with a closed system and after fixing the combustion products
1n an absorption train (Figure 1). The procedure (Figure 2) 1s designed to measure the total carbon
and hydrogen in dry solid wastes samples.

The 38-in. (1 1/2-n. O. D.) combustion tube, starting at a point 16 1/4 1n. from the non-tapered
end contains the following matenals 1n the order named (Figure 3)° Special mixture of asbestos, plati-
nized asbestos, and aluminum oxide; lead chromate; asbestos; copper dioxide, asbestos, lead chromate;
silver wool, lead dioxide; and silver wire. The plain asbestos 1s employed as a support between the
materials 1n the tube. The platimzed asbestos located near the sample combustion area assists in the
combustion of condensed ring systems, particularly those containing an angular methyl group that
may evolve as methane and thus escape complete combustion. Aluminum oxide 1s used to absorb
fluorine from the diffusing gaseous combustion products, and lead chromate oxidizes any SO, to
SO; and, finally, to the nonvolatile sulfate (PbSO,). Copper oxide converts any carbon monoxide
to carbon dioxide, and lead dioxide retains the oxides of mtrogen as follows:

2NO + 2Pb0, 4 Pb (NO,), * PbO + 1/2 O,
INO, + 2Pb0, 4 Pb (NO;), + PbO + 1/2 O,

The sections of silver wire and silver wool, located near the tapered end of the combustion tube,
absorb chlorine, bromine, and 1odine from the gaseous combustion products before they diffuse
from the combustion tube into the absorption tubes where magnesium perchlorate and Indicarb
are employed to absorb the water vapor and carbon dioxide gas, respectively.

Samples containing (a) alkali or alkaline earths, as potash or calcrum oxide, in the absence of
sulfur or phosphorus or (b) phosphorus in the absence of alkali or alkaline earths can only be
evaluated 1f an accelerator 1s added to the samples to ensure complete combustion and conversion
of all the carbon to carbon dioxide. Iron chips (carbon free) are used as the accelerator. The iron
ignites and starts the exothermic combustion reactions before the sample reaches the final induced
temperature of 950 C.

This method 1s applicable to raw garbage, compost, incinerator residue, and other dry, general
waste samples that can have a carbon content of 0.5 to 83.0 percent and a hydrogen content of
0.01 to 7.80 percent. Samples contaiming appreciable amounts of arsenic, antimony, bismuth, and
mercury should not be analyzed unless further modifications in the procedure are made, since these
elements would quickly deteniorate the combustion tube packing.

Since hydrogen is analyzed as water, it 1s essential that all of the moisture be removed from the
samples before they are analyzed. All samples must be re-dried no more than a few days before
the analyses are performed.

APPARATUS

Requirements

Asbestos boards, 6 x 6 x 1/81n,,and 12 x 12 x 1/8 in.
Baffle, oxygen (Sargent #S-21787)

Balance, analytical, 200-g capacity, 0.1-mg readability
Barge, combustion, high punty nickel (Fisher #7-647)

H W R =
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Figure 1. The carbon-hydrogen train
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MAIN SECTIONS TEMPERATURE
OXYGEN
ROOM
PURIFICATION
TEMPERATURE
SECTION
SAMPLE
COMBUSTION 850°C
10NE
PURIFICATION 800°C
oF
GASEOUS
COMBUSTION
PRODUCTS
I0NE
200°¢
ABSORPTION
oF ROON
WATER AND TENPERATURE
|carson pi1oxi0E
SECTION

CARBON-
HYDROGEN
TRAIN

0XYSEN

[poncsnvanr:u "2393]

[ waenesiun percHLORATE]

A
ASCARITE WITH
ACTIVATED ALUMINA

/

IFLOIIETERI

SAMPLE WITH
[;UIBUSTIUN ACCELERATOR

!

COMBUSTION PRODUCTS
AND EXCESS OXYQEN

{

PLATINI ZED ASBESTOS
ALUNINUN OXI1DE

LEAD CHROMATE

COPPER OXIDE

LEAD CHROMATE

SILVER WOOL

GNESIUM PERCHLORATE
MAGNES IUN PERCHLORATE

INDICARS AND
ACTIVATED ALUNINA

INDICARB AND
ACTIVATED ALUMINA

BARIUN HYDROXIDE

ATHOSPHERE

PURPOSE OF UNITS

REMOVES WATER AND SULFUR DIOXIDE

RENOVES WATER

REMOVES CARBON DI0X1DE

MAINTAINS OXYGEN FLOW
(250 cc./min.)

COMVERTS CONDENSED RINGS WITH
ANGULAR METHYL GROUPS TQ CARBON
DIOXIDE AND REMOVES FLUORO-
CONPOUNDS

REMOVES OXIDES OF SULFUR

CONVERTS CARBOMN MONOXIDE TO
CARBON DIOXIDE

REMOVES OX10ES OF SULFUR

REMOVES HALOGENS AND CONVERTS
OXIDES OF NITROGEN TO FREE
NI TROGEN

REMOVES OX!OES OF NITROSEN

REMOVES HALOGENS AND CONVERTS
OXIDES OF NITROGEN TO FREE
NITROGEN

ADSORBS WATER

ABSORBS WATER
ABSORBS CARBON DI0XIDE

ABSORBS CARBON 010X1DE

INDECATES CARBON DIOXIDE
IN EXIT GASES

Figure 2. General outline of carbon-hydrogen train.
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Figure 3. Packed combustion tube,
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10.
. Clamps, utility, three-prong grip (Fisher #5-768-10)
12.
13.
14.
15.
16.
17.
18.
19.
20.

21,
22.
23.

24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34,
35.

Baskets, test tube, one size C, four size D (Fisher #14-966)

Boats, combustion, clay (Fisher #7-651) with covers (Fisher #7-652)

Boats, large, combustion, clay (Fisher #12-183N) with covers (Fisher #12-1835 N)
Bulbs, absorption, Nesbitt (for carbon dioxide), four (Fisher #7-515)

Bulbs, absorption, Stetser-Norton (for water), two (Fisher #7-565)

Charger-rake (Fisher #7-610)

Desiccator cabinet (Fisher #8-645-5)

Erlenmeyer flask, two, 500-ml

Furnace, modified, combustion, organic, multiple unit, electrc, tube type (Lindberg #123-T-S)
Furnace, muffle, operating temperature of 950 C

Glass tubing to fit two-hole stoppers

Gloves, lint-free

Inserter, sample (Dietert Co. #3452)

Jar, drying, 300 mm 1n height (Fisher #9-210)

Oxygen cylinder with (a) pressure regulator, adjustable from 0 to 10 1b of pressure on the low
pressure side and (b) needle-valve control

Pan, enameled (Fisher #9-017)
Pan, stainless steel, two (Fisher #13-361, size D)

Rotameter, ends designed for tube connections, maintamns an oxygen flow of 250 cc per min
(Ace Glass, Inc., Rota-Kit, Tru-Taper #1, size 1A-15-1)

Stand, support, size A (Fisher #14-675)

Stopcock, glass, T-bore, 8mm O. D. stems (Ace Glass, Inc. #8178)

Stopcock, hard rubber (Fisher #14-630)

Stoppers, two-hole, size #7

Timer (Fisher #6-662)

Tube, combustion, Vycor, 38 in. long, 1 1/4 n. I. D., 1 1/2 in, O. D., one end tapered to fit
3/16 in. I. D. rubber tubing (may use McDanel tube, 36 in. long [Fisher #CTT11436])

Tube cleaners, size A (Fisher #3-642)

Tubing, bubble, Argyle umversal, plain, lumen 3/16-in, bore (Aloe Scientific #AR-500)
Tubing, rubber, red, thin wall, 3/16-in, bore (Fisher #14-166)

Tubing, Tygon, 1/4-in, 1. D,, 3/8-in, O. D., 1/16-in. wall

Washers, Milligan gas, two, (Fisher #7-513)

Yardstick

Preparation

Filling the combustion tube.

Considerable care must be exercised in filling the combustion tube. The gaseous combustion
products diffusing through the tube must come in contact with large surface areas, but the materials
must not be so compact that the gas pressure heads will not afford the desired gas velocities through
the tube. The following procedure is recommended (see Figure 3 and the section on reagents).

a)

b)

Twist a number of strands (ten to fifteen, 6-8 in, long) of silver wire together and insert into
the tapered end of the combustion tube;(this occupies approximately 2 1n. of the tube).

Hold the tube 1n a vertical position, that 1s, with the tapered end down.



<)

d)
€)

g)
h)

i)

Carbon and Hydrogen

Add approximately 100 g lead dioxide to the tube. The layer should be 4 1n. deep (a yardstick
may be helpful).

Insert 10 g silver wool to form a 1/2-in. layer.

Add approximately 50 g lead chromate to form a 2-in. layer (mix in a small amount of asbestos
to help prevent caking).

Insert asbestos loosely to form a 3/4-1n. plug.

Add approximately 500 g cupric oxide to form a 9-in. layer.

Insert asbestos loosely to form a 1/2-1n. plug.

Add approximately 37 g lead chromate to form a 1 1/2-in. layer (again mix 1n a small amount of
asbestos)

Add the special mixture consisting of 20 ml of platinized asbestos plus 20 ml of asbestos plus 10
ml of aluminum oxide (approximate unpacked volume measurements). The layer should be
1 1/2 in deep

Assembling the combustion train,

The components of the apparatus are assembled 1n the following sequence:

a)
b)
c)
d)
e)

g)
h)

1
1)

k)
)

m)

Oxygen cylinder with attached regulator that will afford a delivery pressure of 10 (p. s. 1. g.)
Hard rubber stopcock with on-off valve

Erlenmeyer flask, 500-ml, with two-hole, size #7 stopper (serves as a hiquid-backflow trap)
Gas washer containing 150 ml concentrated sulfuric acid

Drying jar Magnesium perchlorate 1s placed in the lower half and ascarite, topped with
activated alumina, in the upper half. A small layer of glass wool 1s inserted beneath the
magnesium perchlorate and above the activated alumina. The oxygen flow into the jar 1s
through the bottom inlet.

Rotameter, with the stainless steel float at a level affording an oxygen flow of 250 cc per min
Glass stopcock held by a utility clamp on a support stand

Combustion tube with sample inserter and oxygen baffle attached at the non-tapered end;
a position mark, etched on the outside of tube 2 1/2 in. from the non-tapered end to enable
the analyst to keep the tube in correct position within the furnace units; aluminum foil
placed around the tapered end of the tube to maintain heat inside the tube and prevent
water vapor trom condensing

Two Stetser-Norton bulbs (for water absorption) set up 1n series; each contains magnesium
perchlorate between two loose layers of glass wool

Two Nesbitt bulbs (for carbon dioxide absorption) assembled 1n series: a 1/2-in. layer of glass
wool 1s placed 1n the bottom of the bulb. Indicarb 1s then added to a point 3/4-in. from the
shoulder of the bulb. The Indicarb 1s covered by a 1/4-in. layer of activated alumina. Introduce
sufficient glass wool to reach the neck area and cotton in hollow stopper. (Note. For highly
combustible materials or materials with high carbon content, more than two Nesbitt bulbs
may be necessary )

Erlenmeyer flask, 500-ml, with two-hole, size #7 stopper (serves as a liquid-backflow trap)
Gas washer, containing 150 ml of barium hydroxidethymolphthalein solution

Tygon tubing as connections between the oxygen cylinder, stopcock, erlenmeyer flask, gas
washer, and drying jar
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n) Argyle tubing, used between drying jar, rotameter, glass stopcock, and the sample inserter

o) Rubber tubing, between the tapered end of the combustion tube, absorption bulbs, second
Erlenmeyer flask trap, and final gas washer.

Conditioning the combustion tube

A freshly packed tube contains excess moisture and must be dried out for 2 hr as directed in
step 1 in the following “Procedure.” After the 2-hr period, the analyst continues with the remaining
procedural steps.

If the combustion tube has been previously used but has remained idle for more than 1 day, the
analyst conditions the tube by performing only steps 2 and 3. Dunng this idle period, the glass
stopcock must be turned so that nothing can flow into the combustion tube. The rubber stop-
cock is likewise closed so that the sulfuric acid does not flow from the gas washer back into the
trap.

If the stopcocks are at theiwr proper shut-down positions, no conditioning of the combustion
tube is necessary with an idle period of 1 day or less.

A conditioned combustion tube in continuous use should last for about 6 months or approxi-

mately 700 analyses. A close estimate of the life span for a conditioned tube is impossible to deter-
mine because of the variation in the samples’ impurities and carbon-hydrogen concentrations.

Note: Before performing the following conditioning procedure, review the start-up
and shut-down procedures.

Procedure Comments

1. Withthe 8-in. furnace at 950 C £ 20C(con- |, a) Putting the temperature knobs of the
trol level about 8.9), the 12-in. furnace at 8-in. and the 12-in. furnaces on ‘high”
800 C + 20 C (about 4.5), and the 4-in. and the 4-in. furnace on 3 will allow the
furnace at 200 C + 10 C (about 2.0), heat-up time to be about only 35 min.
allow oxygen to flow through the combus- b) CAUTION: Never allow the temperature
tion train at 250 cc per min, with the to exceed 1,000 C for the 8-in. furnace,
rubber and glass stopcocks open. (Do not 840 C for the 12-1n. furnace, and 220 C for
connect absorption bulbs.) the 4-in. furnace.
NOTICE: For newly packed tubes, wait ¢) The stainless steel float in the rotameter
2 hr before starting the next step. should be approximately at the 8.2-cm level

(the setting established for oxygen gas).
2. Follow the procedure outlined for analyz- 2. a) Sucrose must be previously dried at 110

ing samples except use 0.2 to 0.5 g of C for 1 hr.
A. C. S. grade sucrose without a com- b) See section on Samples.
bustion aid. c) CAUTION: Higher weights of sucrose

combust too violently.

3. Repeat step 2 above if observed carbon 3. This step is usually necessary only with a
and hydrogen contents do not agree with freshly packed tube.
theoretical values.

REAGENTS

All reagents are of ACS analytical reagent-grade quality. All solutions are prepared using distilled or
deionized water. Reagents are as follows:
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Oxygen, 99.5 percent pure (the oxygen should be prepared from liquid air since oxygen pre-
pared by electrolysis contains traces of hydrogen)

Sulfuric acid, concentrated

Dehydnte (anhydrous magnesium perchlorate)

Ascarite (sodium hydroxide on asbestos), 8-20 mesh.
Activated alumina, indicating, 8-14 mesh (Fisher #A-545)
Silver wire, 34 B & S gauge, pure grade (Fisher #20-272)
Lead dioxide, brown, 12-20 mesh

Silver wool

Lead chromate, 12-20 mesh; or powder which has fused at 820 C for 1 hr and ground to about
12-20 mesh

10. Asbestos, medium or long fiber, acid-washed

11. Cupnc oxide, black wire; before using, ignite at 800 C for 1 hr

12. Platinized asbestos, 5 percent (Fisher #P-152)

13. Aluminum oxide, anhydrous

14. Accelerator chips, Combax (iron) (Fisher #C-420)

15. Indicarb, 6-10 mesh (Fisher #1-181)

16. Absorbent cotton

17. Glass wool

18. Stopcock grease, Kel-F 90 (Fisher #14-635-10)

19. Barium hydroxide solution: dissolve 12.0 g Ba(OH), 1n distilled water and dilute with same
to 1 liter

20. Thymolphthalein solution dissolve 10.0 g thymolphthalein in ethanol and dilute with same to
1 liter

21. Banum hydroxide-thymolphthalein solution. add 0.5 ml of the thymolphthalein solution to
150 ml of the barium hydroxide solution

SAFETY PRECAUTIONS

VP NOULE W

A wooden safety shield 2 ft x 2 ft x 3/8 in., or the equivalent, should be placed about 3 ft from
the right side of the furnace base, such that if the rubber stopper with the sample inserter should
blow out, the stopper and inserter would hit the shield.

The sample boats should never be inserted faster than the prescribed 1 in. each 5 min after
the 1nitial 5-min wait, for the first 20 min of total insertion time. Faster sample insertions may cause
the above mentioned blow-out or a more violent explosion. If the sample ignition is too violent,
the analyst should divert the oxygen flow by turning the glass stopcock and allowing the oxygen
to flow into the room.

Normally the oxygen flow rate is reduced dunng the initial igmtion (which generally occurs
on the first or second 1-in. insertion) and should not be adjusted during this period. The flow
rate of 250 cc per min 1s sufficient to prevent the back flow of gases into the rotameter. Always
keeping the sample inserter’s blunt end, while 1n initial position, approximately 1/4 . away
from the baffle will help maintain the oxygen flow.

If the flow of exit gas stops, the oxygen inlet flow 1s immediately turned off by using the glass
stopcock, as mentioned above. This gas-flow stoppage may be due to an unopened absorption bulb
or too tight tube compaction.
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The analyst should always be aware of the hot boats, the hot furnace parts, and the general
bubble flow-rate in the exit gas washer. He should not remain close to the combustion tube during
the sample’s initial 1ignition because possible explosions are anticipated mainly at this time.

SAMPLE PREPARATION

The details of sample preparation procedures that describe the drying and grinding techniques
are not discussed here. In general, raw refuse, residue (organics), and compost are dried at 70 Cto a
constant weight and ground to a particle size of less than 1 to 2 mm. Residue (fines) and fly ash
samples are dried at 105 C to a constant weight and pulverized to pass through a #60 sieve.

All samples must be redried no more than one week before being weighed for the analyses.
Those samples originally dried at 70 C must be redried at 70 C for 4 hr; those samples onginally
dried at 105 C must be redried at 105 C for 1 hr. After redrying procedures, all samples must be
kept in tightly closed containers and in a desiccator until the analyses are performed.

PROCEDURE
Start-Up

The start-up procedure for the carbon-hydrogen analyses is always the same, except for the use
of a freshly packed tube, as previously mentioned. The following procedure outlines the routine steps
in preparing the carbon-hydrogen train for the analyses.

Procedure Comments

1. Set the temperature controls of the 8-in. 1  CAUTION: Never allow the temperature

and 12-in. furnaces on high and that of to exceed 1,000 C for the 8-in. furnace,
the 4-in. furnace on 3 for about 35 min. 840 C for the 12-n. furnace, and 220 C
Final temperatures for the 8, 12, and for the 4-in. furnace.

4-1n. furnaces are 950 C+ 20 C, 800 C +
20 C, and 200 C %= 10 C, respectively.

2. After each furnace has reached its appro- 2. These numbers are not absolute and may
priate temperature, set the 8-in. furnace change with the age of the elements.
control on 8.9, the 12-in. furnace control
on 4.5, and the 4-in. furnace control on

2.0.

3. Open the rubber stopcock and without 3. a) The glass stopcock should be open to
much delay allow the oxygen to flow the room.
through at approximately 250 cc per min. b) If the oxygen is not soon allowed to
The delivery pressure gauge 1s set at 10 flow, sulfuric acid will flow back into the
(p. s. 1. g.) Flow adjustments are made trap.
with the needle-valve control. ¢) The stainless steel float 1n the rotameter

should be set and maintained at approxi-

mately the 8.2-cm level.
4. Turn the glass stopcock to allow oxygen 4. a) If the float drops drastically toward
to flow through the combustion tube. the zero level, immediately return glass
stopcock to 1ts former position. Then the

10



10.

11.

Attach at least two of each type of absorp-
tion bulbs and again notice the stainless
steel float and bubbles in the exit-gas
washer.

Adjust the oxygen flow to be approxi-
mately 250 cc per min., the stainless steel
float should be at the 8.2-cm level.

With the train completely assembled, allow
the oxygen to flow through the system for
10 min.

Remove the absorption bulbs from the
train and close each bulb to the atmos-
phere.

Determine and record the weight of each
CO, -absorbing bulb and each H; O-absorb-
ing bulb. These weights represent the initial
weights of the absorption bulbs.

After opening the absorption bulbs to per-
mit gas flow, quickly return the bulbs to
the train assembly.

When the gas starts through the exit-gas
washer, the train is ready for sample
analyses.

10.

11.

Blanks

Carbon and Hydrogen

charger-rake rod may be used to loosen
the tube packing.

b) Absorption bulbs should not be attach-
ed.

a) The bubble flow rate in the exit-gas
washer 1s a good indication as to how the
oxygen 1s flowing through the train. If
the bubbles do not start, an absorption
bulb may be closed or packed too tightly.
b) If the samples to be analyzed are known
or suspected to contain more than 30 per-
cent carbon, and if sample weights of more
than 1.5 g are used, attach three or more
absorption bulbs for the CO, collection.

The flat end of the sample inserter should
always be slightly away from the end of
the baffle to allow the free flow of
oxygen.

This step ensures the conditioning of the
absorption bulbs.

a) The bulbs should be near room tempera-
ture before being weighed. Normally, each
bulb will be near room temperature if the
order of weighing 1s started with the last
bulb 1n the train.

b) Before weighing, each bulb 1s momen-
tanly vented to the atmosphere and wiped
clean with a lint-free cloth.

¢) Use an analytical balance with a 200-g
capacity and 0.1 mg readability.

d) Weights are recorded to the nearest
0.0001 g.

Start with the bulb furthest from the fur-
nace. The connection of the bulbs to
the furnace should be performed last
If the gas does not start through the exit-
gas washer, check bulbs, openings, and com-
paction of absorbing materals.

Increase in weight of the absorption bulbs 1s due to 1) sample ignition, 2) sample container’s

contamination, 3) atmospheric contamination during sample insertion, and 4) 1impure oxygen gas.
The blank analyses determine the effects of all the above factors except sample ignition on the weights
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of absorption bulbs. These blank analyses are conducted like the regular sample analyses, except
that preignited, empty sample contamners with covers and an unpacked combustion tube are
employed. The unpacked tube is needed for the blank analyses because lead dioxide 1s highly
hygroscopic.

The analyst is advised to perform triplicate observations and record the humidity (which may
be estimated) of the room during the analyses. Whenever the oxygen supply 1s changed or the room
humidity greatly changes, the blank analysis should be repeated. The carbon dioxide blank value
is usually zero and the water blank value normally varies with analysts

Standards

After conditioning the combustion tube as previously described, the analyst should periodically
check the carbon-hydrogen train by analyzing standards such as sucrose, naphthol, urea, graphite,
calcium carbonate, and solid waste samples that have been previously analyzed. The procedure for
analyzing standards is the same as described for sample analyses. Analyze, however, only 0.2 to
0.5 g of sucrose, and without a combustion aid, since this standard burns quickly and easily. Benzoic
acid, although commonly used as a carbon standard, reacts too violently for this method.

Samples

At this point, all the necessary conditioning should have been performed so that the carbon-
hydrogen train is now ready for sample analyses. The following procedure applies to all solid
waste matenals, and also to blanks and standards with the previously mentioned changes, All
the sample containers and covers employed in the method must have been previously ignited at
950 C for | hr, then cooled and stored 1n a desiccator until used.

The analyst is advised to analyze samples of each particular type of solid waste material as a
unit. Switching back and forth between different types of materials (which usually vary greatly
in their carbon-hydrogen content) causes unnecessary reconditioning and rechecking of the com-
bustion tube. To ensure good results, the analyst should always analyze a standard before analyzing
a particular type of solid waste matenal. This standard should be of the same general character as
the type of material to be analyzed.

A combustion aid must be mixed with each sample after the sample has been weighed into
its container. Some samples combust vigorously and the sample injection procedure may have to
be slowed down; however, even vigorously reacting samples need a combustion aid.

The analyst must use his own judgment in the selection of the sample container, the number
of absorption bulbs in the train, the unscheduled removal of an absorption bulb, and the change
of the sample insertion procedure.

Procedure Comments
1. Transfer at least 1 to 2 g of a sample mto 1. a) Sample weights up to 10 g may be
each of two previously weighed combus- used if non-uniformity of sample warrants.
tion boats. Determine and record the b) Fluffy samples such as compost samples
weight of each sample to the nearest require the larger containers.
0.0001 g. c) Minimize handling of boats and lids

to prevent contamination,

d) Keeping the boats 1n a particular order,
or numbering them, will prevent mix-up
of samples.

12



Sparsely sprinkle each sample with a few
iron chips. Using a spatula, mix the com-
bustion aid throughout the sample.

Store each boat (containing a sample) and
its lid in a desiccator until they are trans-
ferred to the combustion tube.

Cover each boat with its lid and transfer
them from the desiccator to insertion end
of combustion tube. IMMEDIATELY go to
the next step.

Remove stopper with attached sample in-
serter and place boat about half way into
tube. Then close the combustion tube by
moving the sample inserter, with baffle,
along the bottom of the tube; holding
the tube with the left hand, twist the
stopper tightly into the tube, IMMEDI-
ATELY go to next step.

Upon closing the combustion tube, set
a timer for 60 min, Check the flow rate
to see if it is 250 cc per min (stainless
steel float at 8.2-cm level) after the gases
are bubbling through the exit-gas washer.

13
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e) DO NOT pellet any sample. If a 1- to
2-g sample will not fit into a particular
boat, use a larger container.

a) Granular tin (Fisher #12-173) may be
used as an accelerator if iron chips are not
available.

b) REMINDER: DO NOT use a com-
bustion aid with sucrose,

a) It is convenient to use a stiff asbestos
pad to support the boats while in the
desiccator and during transfer from one
place to another.

b) The desiccator must contain CO,-ab-
sorbing materials.

REMINDER. Flat end of sample inserter
must be shightly away from the baffle to
permit free flow of oxygen.

a) Do this step quickly. The blank value
will only be applicable if the time required
for placing the boat in the combustion
tube is constant,

b) If the combustion tube contains the
boat and lid from the previous sample
analyses, use the charger-rake to remove
the boat and lid onto a stiff asbestos pad.
Then drop the boat and lid into an
enameled pan lined with asbestos pads.
After they have cooled, the boat and
lid are transferred to a stainless steel pan,
cleaned, and finally ignited at 950 C
for 1 hr before being reused.

a) The stainless steel float will drop mo-
mentarily and adjustment is needed if it
remains below the 7.l-cm level for more
than a few moments. DO NOT, however,
attempt to adjust the flow-rate if the
sample ignition has started. Except when
using the large clay boats, sample ignition
usually starts after the sample is closer
to the 950 C zone.

b) SAFETY REMINDER: If bubbles 1n
exit-gas washer stop completely for more
than 5 to 10 min and the stainless steel
float begins dropping (caused by too vigor-
ous sample combustion), turn the glass stop-
cock, thus diverting the oxygen from the
combustion tube to the room. Whenever the
stopcock must be turned, the results of
that particular test must be discarded.
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10.

11.

12.

13.

14.

15.

After 5 min, move the sample boat 1 in.
toward the 950 C zone.
At the end of each of 3 successive 5-min
intervals, move the sample boat l-in, to-
ward the 950 C zone.

After another 5 min, move the sample boat
completely into the middle of the 950 C
zone,

Allow the oxygen to flow through the
train for the rest of the 60-min period.

Remove the absorption bulbs from the
train and close each bulb to the atmos-
phere.

Determine and record the weight of each
CO, -absorbing bulb and each H, O-absorb-
ing bulb.

Return the sample inserter to the start
position,

If another sample, contained within a boat,
is ready to be analyzed, repeat the pro-
cedure starting with step 4.

If the train 1s not to be used for more than
1/2 hr, see “Shut-Down” procedure.

Shut-Down

11.

12,

13.

If the sample has already ignited vigorously,
delay this step for another 5 min.

a) DO NOT move the sample boat at a
faster rate, even if one of the l-in. in-
sertion steps was forgotten. After some
experience, however, the analyst may ac-
celerate the insertion procedure when ana-
lyzing residue (fines) or fly ash samples.
b) During this step, the Indicarb may
indicate that another tared absorption bulb
should be added.

a) The entire period of sample insertion
should not exceed 30 min.

b) If the large clay boats were employed,
most of the boat will be beyond the center
of the 950 C zone.

The oxygen continues to flow through
the combustion tube while the absorp-
tion bulbs are removed. If more than 30
min will elapse before another sample
1s started, however, the oxygen flow must
be diverted away from the combustion
and mnto the room by turning the glass
stopcock.

a) This weight represents the final weight
of each absorption bulb and 1s used as
the initial weight of each bulb for the
next sample,

b) The time required for weighing should
not exceed 15 min.

When the flat end of the sample inserter
is slghtly away from the baffle, thus
permitting a free flow of oxygen through
the baffle, the sample inserter is in the
start position.

As mentioned in the section on conditioning the combustion tube, the proper shut-down pro-
cedure prevents the necessity for reconditioning the combustion tube. If the train 1s not used for

14



Carbon and Hydrogen

more than 1/2-hr and the oxygen is allowed to flow through the combustion tube, the packing
materials (especially the lead dioxide) will dry out and require reconditioning before the train can
be used again. If the tran 1s to be used the same day but more than 30 min will elapse, the furnaces’
temperatures may be maintained, but the oxygen flow must either be diverted from flowing through
the combustion tube or shut off completely. Whenever the oxygen flow 1s off, the glass and
rubber stopcocks must be closed as described below.

Procedure

Disconnect the absorption bulbs from the
combustion tube and close each one to the
atmosphere,

Comments

Any remaining boat and lid should be re-
moved from the combustion tube.

Having the combustion tube stoppered and 2.  Furnaces need not be turned off if used
the sample inserter in the start position, later the same day.
turn each furnace off.
3. Turn off the oxygen flow first at the
main regulator valve on the oxygen cyl-
inder, then at the low pressure valve.
IMMEDIATELY go to the next step.

4, Turn the glass stopcock to divert any
oxygen flow from the combustion tube
to the room. IMMEDIATELY go to the
next step.

5. Close the rubber stopcock. 5. When the rubber stopcock is closed, the
backflow of sulfuric acid into the trap is
prevented.

CALCULATIONS
Standards
Formula,

Employ the following formula to calculate the theoretical concentration of either carbon or hydro-
gen in a standard sample:

oo - NL(F) (100
(S) (P)

% = the percent by weight

E = the element, either carbon or hydrogen

N = the number of atoms of the element in a molecule of the standard

F = a factor, derived by dividing the gram-atomic weight of the element by the gram-molecular
weight of the standard

S = the weight of the total sample

P = the decimal fraction representing the concentration of the standard compound in the total
analyzed sample. (Note. this decimal fraction is the only fraction containing the component
for which the sample 1s being analyzed.)

15
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Example,
Pure Sucrose, C,, H, ,0,, (NBS Grade)

12.01
(12) \342.30/ (100)

(1.0000) (1.00)

(1.008)
- (22) \342.30/ (100) _

(1.0000) (1.00)

'=42.10

%H 6.48

When the impurities listed on the bottle are considered, the calculated percents of carbon and
hydrogen in ACS grade sucrose are 42.09 and 6.48 respectively.
Samples
Carbon,

Employ the following formula to calculate the concentration of carbon in a solid waste sample:
_ (A-B) (X) (100)
(S)

%C

where

% = the percent by weight

the element carbon

the sum total increase in the weight of the CO, -absorbing bulbs as determined in the unknown
analysis

the sum total increase in the weight of the CO, -absorbing bulbs as determined in the blank
analyses

a factor, derived by dividing the gram-atomic weight of carbon by the gram-molecular
weight of carbon dioxide (i e., (12.01) + (44.01) = 0.2729)

S = the weight of the total sample

> 0
u n

b o
"

Hydrogen,
Employ the following formula to calculate the concentration of hydrogen in a solid waste sample:

_ (A-B)(Y) (100)
%H ©)

where
% = the percent by weight
H = the element hydrogen

A = the sum total increase in the weight of the H, O-absorbing bulbs as determined in the un-
known analysis

16
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B = the sum total increase in the weight of the H, O-absorbing bulbs as determined in the blank
analyses

Y = a factor, derived by dividing the gram-molecular weight of hydrogen by the gram-molecular
weight of water (i. e., (2.016) + (18.02)=0.1119)

S = the weight of the total sample
METHOD EVALUATION

The accuracy of this newly developed method is established in Table 1. This method can analyze
solid waste materials containing various forms of carbon to within one actual percent of the true
value. For these tests, sucrose, naphthol, and urea were selected to represent hydrocarbons.
Graphite was employed as an elemental form of carbon, and calcium carbonate as an inorganic
form. This method has accurately analyzed (100.00% recovery) specially prepared residue (fines)
samples calculated to contain only 0.46 percent carbon and 0.01 percent hydrogen. This method
should definitely not be employed to analyze samples that contain less than 0.1 percent carbon.

The precision of this method was determined by analyzing in triplicate a number of solid waste
samples of various types. The pooled standard deviation of the observations for each type of solid
waste was calculated using an Olivetti Underwood Programma 101, The calculations revealed that
in the analyses of each type of waste, the duplicate and triplicate determinations were equally
precise (Table 2). To ensure precision, the particle size of the samples must be less than 2 mm or
passed through a #60 sieve, then thoroughly mixed before analyzing.

With this macro method, the analyst normally uses a 1- to 2-g sample, but he is not restricted
to this amount. Because of the difficulties in preparing a very uniform sample, sample weights
below 1 g have been found inadequate when analyzing solid waste materials. But samples up to
10 g have been analyzed with no difficulty. The extra sample weights, however, add little to the
precision of this method.

TABLE 1
ACCURACY OF CARBON AND HYDROGEN DETERMINA-
TIONS OF STANDARD COMPOUNDS

Compound Number of % Element calculated % Element found % Recovery
determinations C H C H C H
Sucrose, NBS 6 42,10 6.48 42,07 6.39 99.93 98.61
Sucrose, ACS 6 42.09 6.48 42,02 6.39 99.83 98.61
1-Naphthol, ACS 3 83.31 5.59 82.72 5.86 99.29 104.83
Urea 3 19.99 6.7 19.38 6.66 96,95 99.25
Calcium carbonate 3 11.97 === 12.04 --- 100.58 -—
Graphite* 3 83.28  --- 84,01 --- 100.88  ---

*Since the graphite is not pure, the graphite, for this study, was ignited in air at 1,150 C to determine the
percent of ash impurities,
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TABLE 2
STANDARD DEVIATION OF THE CARBON AND HYDROGEN
DETERMINATION ON SUCROSE AND SOLID WASTES

Standard deviation*

Type of Number of Carbon observations Hydrogen observations
sample samples Duplicates Triplicates Duplicates Triplicates
Sucrose, NBS 2 -— 0.17 -— 0.15
Sucrose, ACS 2 -—- 0.15 - 0.19
Compost 26 - 0.29 -— 0.10
Compost 56 0.22 -—- 0.14 -
Raw garbage 17 0.18 0.19 0.19 0.18
Residue:
Fines 16 0.04 0.06 0.04 0.03
Organics 8 0.21 0.23 0.22 0.18
Fly ash 9 0.04 0.08 0.06 0.04

*A variance estimate can be calculated from the duplicate (or triplicate) set of observations for each sample.
The pooled vanance 1s essentially an average of all such estimates for samples of a given type. It is assumed
that a single underlying variance exists for all samples of a given type. The pooled vanance 1s then the best
esimate of this underlying vanance. The pooled standard deviation is the square root of the pooled variance
and is used to estimate the underlying standard deviation.
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Nitrogen

INTRODUCTION

Discussion

Nitrogen becomes a significant solid waste parameter* when 1t is evaluated in conjunction with two
other parameters — carbon and hydrogen. The change in the C/N ratio of compost can be used to
determine (a) the degree and rate of biological decomposition of organic matter in the compost
(1,2) and (b) the suitability of the final product for use 1n agricultural soils (3). A knowledge of
the nitrogen, carbon, and hydrogen contents of an incinerator’s load and combustion products
can also enable the engineer and scientist to (a) calculate the theoretical air requirements and
combustion products, (b) formulate appropriate material and energy balance equations, and
(c) evaluate and control effectively the efficiency of an incinerator system (4).

To ensure the precise and accurate determination of the mitrogen content of solid wastes,
nvestigations of the applicability of existing analytical procedures were conducted in our laboratory.
Analyses of solid waste samples containing up to 8 percent nitrogen have demonstrated that the
Kjeldahl-Wilfarth-Gunning-Winkler method, the comprehensive nitrogen method, and the automated
Dumas method (as employed in the Coleman Nitrogen Analyzer) may be used 1n the characterization
of solid wastes (5). Detaled descriptions of these three methods are presented in the following
sections,
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KJELDAHL-WILFARTH-GUNNING-WINKLER METHOD

Discussion

The Kjeldahl-Wilfarth-Gunning-Winkler methodt (1-5) may be employed to characterize solid
waste samples if their nitrogen content 1s primanly organic and/or ammoniacal. Since the method
will not recover nitrate nitrogen quantitatively, its applicability 1s presently limited to the analysis
of munucipal refuse, unfortified compost, incinerator residue, and other samples with little, if any,
nitrate content. (Either the comprehensive nitrogen method or the automated Dumas method
should be employed to determine the total nitrogen content of samples containing significant
quantities of nitrate, e. g. fortified compost, or samples of unknown nitrate concentration.)

*In this paper, the term parameter denotes a vaniable or characteristic of interest.

tSee Appendix for a bnef history of the Kjeldahl Method
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In the Kjeldahl-Wilfarth-Gunning-Winkler method, a sample is first digested with sulfuric acid.

To increase the speed of the reaction and ensure the digestion of substances whose decomposition
temperatures are above the boiling point of sulfuric acid, mercuric oxide and potassium sulfate
are added. After the digestion has been completed, the mixture is then treated with alkaline
sodium thiosulfate, which destroys the mercuro-ammonium complex and permits the distillation
of ammonia into 4-percent boric acid. A titration of the ammonium borate with standard sulfuric
acid then permits the calculation of the total organic and ammoniacal nitrogen content of the
sample,

Nk we

0 %

10.
1.
12.
13.
14,
15.

Safety Precautions

Safety glasses should always be worn by the analyst while handling concentrated sulfuric acid
and digestion mixtures.

The analyst should exercise care in weighing, transferring, and disposing mercuric oxide, since
inhalation, ingestion, or contact with the compound may cause mercunal poisoning,

Exhaust hoods (or special traps) should be employed during sample digestion to minimize
the analyst’s exposure to the evolving fumes.

Equipment

Apparatus, Kjeldahl, digestion and distillation with (a) a 6-heater unit, either gas or electric,
capable of bringing 250 ml of water at 25 C to a rolling boil in 5 min, (b) block tin condensers
enclosed in a copper coated cooling tank, and (c) Pyrex delivery tubes (individual Pyrex
condensers and appropriate adapters may be substituted).

Balance, analytical, 0.1-mg readability

Bottle, dropper, Pyrex, 250-ml

Bottles, reagent, Pyrex, l-liter and 2-liter

Bulbs, connecting, cylindrical or spherical trap style, Pyrex, 5 to 6 cm in diameter
Buret, Pyrex, 25 ml, graduated in 0.1-ml divisions

Carrier designed to hold six 800-ml Kjeldahl digestion flasks(Fisher Scientific Co., Catalogue
#10-114)

Desiccator, large, either Pyrex, or stainless steel cabinet type

Dispensers, delivery head with ¥ 24/40 joint, 25-ml and 40-ml (available from California
Laboratory Equipment Company, 1165 67th Street, Oakland, California 94608)

Flasks, Erlenmeyer, Pyrex, with ¥ 24/40 mouth, 500-ml

Flasks, Erlenmeyer, Pyrex, wide-mouth, 500-ml

Flasks, Kjeldahl, for digestion and distillation, Pyrex, 800-ml

Hood, exhaust and special stack to outside for venting fumes during the digestion of samples
Stoppers, rubber, size 7, for connecting bulbs to digestion flasks

Tubing, rubber, thin wall, for connecting bulbs to condensers and cooling tank to cold water
supply and sink drain

Reagents

The chemicals in the following list should all be reagent grade and nitrogen-free.

1.
2.
3.

Sucrose
Acetanilide
Disodium ethylenediaminetetraacetic acid (disodium EDTA)



Nitrogen

Hengar granules, plain

Potassium nitrate

Mercuric oxide

Sulfuric acid, concentrated (95 to 98 percent)

Silicone antifoaming agent: General Electric No. 66 or Dow Corning Antifoam Q

Zinc metal, granulated

0. Alkaline thiosulfate solution: Dissolve 450 g sodium hydroxide in approximately 700 ml dis-
tilled water, cool, add 80 g sodium thiosulfate (Na, S, 0;.5H; O), mix, and dilute with distilled
water to 1 liter,

11. Boric acid solution. Dissolve 40 g boric acid in distilled water and dilute with same to 1 liter.

12. Methy! purple solution (indicator): Dissolve 0.3125 g methyl red and 0.2062 g methylene blue

in distilled water (or 0.1 percent ethyl alcohol) and dilute with same to 250 ml.

13. Sulfuric acid standard solution, 0.1 N: Dissolve approximately 3 ml of concentrated sulfuric
acid in 800 ml distilled water and dilute with same to 1 liter. Determine the normality of the
solution using a primary standard such as sodium borate.

S0 XNk

Technique Evaluation

Before initiating the characterization of solid waste samples, the investigator should evaluate his
technique by analyzing compounds of known nitrogen content. Either 0.25 g acetanilide or 0.5 g
disodium EDTA may be used as a standard sample (see section on Accuracy and Precision).

Solid Waste Sample Preparation

A solid waste sample must undergo physical preparation before its characterization is initiated in
the laboratory. First it must be dried to constant weight, preferably in a forced-air or mechanically
convected oven. A temperature of 70 to 75 C should be used to dry municipal refuse or compost;
incinerator residue may be dried at 100 to 105 C. The particle size of the dried sample should then
be reduced to 2 mm or less using a hammermill, pulverizer, and/or laboratory mill. To ensure sample
homogeneity, the ground components should be thoroughly mixed. Finally, since samples may
absorb moisture during the grinding and mixing processes, they should be redried for 4 hr at the
previously specified temperature and then stored in a desiccator until the analyses are completed.

Sample Analysis

The nitrogen contents of standard and solid waste samples should be determined in triplicate
by the following laboratory procedure. A reagent blank containing 2 g sucrose, previously dried
at 105 C for 1 hr, should also be analyzed with each set of samples, In this manner any nitrogen
present in the reagents will be detected, thus enabling the analyst to make appropriate corrections
in the calculation of the nitrogen contents of the standard and solid waste samples.

Procedure Comments
1. Weigh out approximately 2 g sucrose and 1. Glassine paper, used to support a sample
transfer to a 800-ml Kjeldahl digestion flask during weighing and transferring, must not
labelled “‘Blank.” be added to the digestion flask,
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10.

11.

Accurately weigh out three 1.0- to 2.5-g
prepared solid waste samples and/or three
standard samples (quantities previously
specified) and transfer each to a labelled,
800-m! Kjeldahl digestion flask.

To each flask add 16 g potassium sulfate,
0.7 g mercuric oxide, 25 ml concentrated
sulfuric acid, and a few plain Hengar
